Abstract. For the first time, CVD-grown graphene film on Cu foil (G/Cu) was used as a composite collector of reduced graphene oxide (rGO) anode for lithium-ion batteries. Significant performance enhancement was observed for rGO anode with G/Cu composite collector: i) the first cycle discharge specific capacity of rGO anode with G/Cu composite is as large as 2947 mAh g -1 , nearly twice of that (1509 mAh g -1 ) using conventional Cu foil collector; ii) rGO anode with G/Cu composite shows much better high-rate specific capacity even at 20 C. It suggests that it is promising for G/Cu composite collector to improve the performance of lithium ion batteries.
Introduction
Nowadays, with the rapidly information exchanging, people are badly needs of thinner, lighter, space-effective and shape-flexible portable devices which can be easily carried so that they can keep the pace of this everything fast society. However the most difficult part of the lighter portable devices is the batteries. Lithium ion batteries (LIBs) are the best candidate, offering flexible and lightweight design, higher energy density, and longer life span than comparable battery technologies [1] . Graphite is the most widespread use as the anode electrode material, because of its low price and outstanding cycle performance. Nevertheless its theoretical specific capacities are only 372 mAh g -1 which slows the procession of miniaturizing portable devices. Therefore the higher energy density and ultrafast charged and discharged [2] anode electrode materials are eager to be exploited.
Graphene a single layer of carbon atoms bonded together in a hexagonal lattice. Its remarkable properties of specific surface area (calculated value, 2,630 m 2 g -1 ) [4] and mobility of charge carriers (200,000 cm 2 V -1 s -1 ) [5] indicate graphene is the most promising electrode materials [6] [7] [8] [9] . And according to the resent investigation, the graphene exhibits high energy density (700 mAh g -1 ) [6, 10] at low rate charge and discharge. There are several ways to producing graphene [11] [12] [13] . Although the chemical methods are the widespread for lithium ion batteries and the rGO (reduced graphene oxide) also shows good performance in the LIBs, the problems on high resistance and low cohesion of current collectors for the LIBs are serious. The investigations on the graphene film also suggest a new way to produce graphene lithium ion batteries [12, 14] . Nevertheless it costs much to produce full graphene film lithium ion batteries.
There are some research on coating carbon film on the current collectors reducing the resistance and enhancing the performance of LIBs [15, 16] . We thought that the graphene film on the copper foil (G/Cu) would show remarkably abilities on reducing the resistance and enhancing the performance of LIBs. Therefore we report an anode with new architecture which consists of reduced graphene oxide (rGO) and CVD-graphene film on the copper foil [17] . With growing the CVD graphene film on the copper foil, we directly use the G/Cu as the collector of lithium ion batteries electrode and coating the rGO on it. After investigating the electrochemical of this new material called rGO/G/Cu, the rGO/G/Cu shows excellent cycle performance. At the low rate of 0.5C (1C=372 mA g -1 ), the initial specific capacities of the rGO/G/Cu as the anode electrode are 2946.8 mAh g -1 , whereas the pristine rGO just reach 1509 mAh g -1 only the half of the rGO/G/Cu's. Moreover after cycling 40 times, the specific capacities of the rGO/G/Cu can be stable around 1300 mAh g -1 , but for the pristine rGO it only around 800 mAh g -1 . It is a great improvement that the specific capacities enhance almost 500 mAh g -1 . What more important, after ultrafast rate charging and discharging, the rGO/G/Cu exhibits an outstanding performance. Under the ultrahigh rate of 10C, the rGO/G/Cu even can hold at ~500 mAh g -1 and the pristine rGO/Cu fall to 275 mAh g -1 . In particular, under the ultrafast rate of 20C the rGO/G/Cu still can stay at 290 mAh g -1 but the pristine rGO/Cu remains only 200 mAh g -1 . Such results demonstrate that the rGO/G/Cu will be the best candidate of the lithium ion batteries.
Experimental Materials Preparation
Graphene film was grown on 25μm thick Cu foils by CVD. The graphite oxide was produced with nature graphite by the modified hummer method. The graphite oxide was reduced by microwave.
Materials Characterizations
The crystalline structure of the obtained samples was characterized by X-ray diffraction (XRD Rigaku D/MAX-rA diffractometer) using Cu Kα radiation. The morphology investigation was performed with a scanning electron microscope (SEM，JSM-7000F, JEOL). Raman spectra were acquired at room temperature with excitation laser lines of 532 nm (Horiba). The electronic binding energy of the composite was tested by X-ray photoelectron spectroscopy (XPS, Kratos XSAM800, Al Kα radiation).
Electrochemical Measurements.
The electrodes were prepared by mixing 80 wt% rGO, 10 wt% Super-P, and 10 wt% PVDF in NMP solution to form homogenous slurry. After coated the above slurries on G/Cu (rGO/G/Cu) and Cu (rGO/Cu), the electrodes were dried at 120 °C under vacuum for 24 h to remove the solvent. The electrode load was about 2 mg cm -2 . Electrochemical experiments were performed using CR2025 coin cells. The cells were assembled in an argon filled glove box with less than 0.5 ppm of oxygen and water, using lithium metal as the counter/reference electrode, Celgard 2400 membrane separator, and 1 M LiPF 6 electrolyte solution dissolved in a mixture of ethylene carbonate and dimethyl carbonate (v/v=1:1). Galvanostatic charge/discharge cycles were tested by a LAND electrochemical workstation at various current densities between 0.05 to 3 V versus Li + /Li at room temperature.The C-rate performances were obtained at 0.05-3 V at various C-rate (1 C=372 mA g -1 ).
Results and Discussion
The Figure 1a shows a FESEM image from which we can clearly see the crumpled and curved single graphene nanosheets. The successful exfoliation of graphene oxide can also be proved by the XRD and XPS. X-ray diffraction patterns of graphite, GO and rGO are shown in Figure 1b . The XRD pattern of graphite powder appears a peak (002) The cycling performance of the rGO/G/Cu and rGO/Cu were shown in Figure 2 . At rate of 0.2 C, we get the galvanostatic charge and discharge curve (Figure 2a ) It suggests that the new structure has a great improvement on the specific capacities. The rGO/G/Cu shows high reversible capacities of 2980 mAh g -1 and the rGO/Cu exhibits 1509.3 mAh g -1 in the first cycle. It notes that rGO/G/Cu delivers a specific capacities as twice higher as that of the rGO/Cu. What more important is that after 40 cycle times, the capacities of rGO/G/Cu can be maintained at 1100 mAh g -1 , the rGO/Cu can only maintained at 700 mAh g -1 . It means that at the same quantity the rGO/G/Cu can keep as 150% more capacities as that of rGO/Cu. It is a large enhancement of rGO for the LIBs. And from the Figure 2a , we can noticed that the curve is smooth. It demonstrates the cycle performance of rGO/G/Cu is excellent and rGO/G/Cu shows extraordinary performance after many cycles. Then we investigate the C-rate performance of those two different structures. This is the most important advantage of the rGO/G/Cu as electrode for the lithium batteries. With the increasing C-rates, we obtain the rate charge and discharge curve (Figure 3a) . At the rate of 0.2C, the rGO/G/Cu represents high capacities around 2900 mAh g -1 and the rGO/Cu exhibits around 1500 mAh g -1 . Even at the ultrahigh C-rate of 20C, which means the batteries can be charge and discharge in 3 minutes, the batteries will be full charged and discharged, the capacities of rGO/G/Cu even can be maintained at 290 mAh g -1 and the rGO/Cu only maintained at 200 mAh g -1 . It apparently shows that at the same capacities the rGO/G/Cu can be charged and discharged faster than the rGO. After recovering the rate of 0.2C, the reversible capacities of the rGO/G/Cu can be back to 1300 mAh g -1 (nearly the 0.5C) and the rGO/Cu back to 850mAh g -1 (nearly the 0.5C). It suggests that the rGO/Cu and rGO/G/Cu have the ability to bear the extremely high rate charge and discharge. After extremely high rate charge and discharge, both of them can recover to the initial 10 cycle times. According to the profile, we can identify the curve has obvious stage at different charge and discharge C-rate. 
Summary
We present a new structure of lithium-ion batteries electrode by using graphene film on the copper foil. We have study the electrode performance between the modified structure and the unmodified structure. The results show the modified structure increase the capacities and decrease the resistance of the batteries.
